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Monday, February 27, 2012 255awith this model, we found previously that isolated httNT peptide added in trans
inhibits the aggregation of htt NTF peptides, presumably by co-assembling
with htt NTFs into mixed oligomers with decreased local polyQ concentrations.
In a further test of this model, we found that the aggregation inhibitory activ-
ities of a set of ten scrambled httNT sequences correlate with their a-helical po-
tential. We have now selected three of these scrambled sequences - (a) one that
inhibits htt NTF aggregation (schtt
NT
ASSQ), (b) one that does not inhibit
(schtt
NT
FAKF), and (c) one that readily forms amyloid fibrils itself (unlike htt
NT
or the other sequences) but does not inhibit (schtt
NT
SAFM) - and used them in
place of httNT to make synthetic analogs of htt NTF by adding a Q37P10K2 se-
quence. Consistent with expectations, we found that the peptide with the inhib-
itory, high a-helical potential, leader sequence (schtt
NT
ASSQ) exhibits an
aggregation profile similar to that of the httNT-containing control peptide. In
contrast, despite their identical amino acid compositions, htt NTF analogs con-
taining the other two scrambled sequences (low aggregation inhibition, low a-
helix) exhibit aggregation behavior more typical of simple polyQ sequences,
hence deriving no kinetic benefit from their N-terminal sequences. Our results
support a strong role for a-helix formation within httNT in greatly enhancing the
kinetics of formation of the polyQ core of htt NTF amyloid.
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Water Penetration into a Dry Amyloid Fibril
Gozde Eskici, Paul H. Axelsen.
University of Pennsylvania, Philadelphia, PA, USA.
Amyloid formation is a key feature of Alzheimer’s disease. Amyloid is com-
posed of 39-42 residue proteins that have aggregated into fibrils. Experimental
and theoretical studies of amyloid fibril structure have suggested a model in
which two different parallel in-register beta sheets pack against each other
with a dry interface. However, recent 2D-IR results have detected water mol-
ecules within a mature folded fibril. To explore this discrepancy, we created
a molecular dynamics simulation of a dry amyloid fibril in water. We observed
that water enters the space between beta sheets through hydrogen bonding
interactions with the side chain or main chain of Asp23, and the main
chain carbonyl group of Gly25. The involvement of main chain carbonyl
groups in water transport down the interior of an amyloid fibril suggests that
individual hydrogen bonds comprising the beta sheet may form and transiently
unform, facilitating events like water transport while maintaining overall fibril
structure.
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Observation of Secondary Nucleation on Specific Ab 42 Fibril Type
Jae Sun Jeong.
EPFL, Lausanne, Switzerland.
Amyloid-b (Ab) fibril formation is the pivotal phenomenon in Alzheimer’s dis-
ease (AD). However, the understanding of amyloid fibril mechanism has been
hindered by its heterogeneous morphology. Further, recent studies point out the
existence of new growth sites on pre-existing fibrils, called secondary nucle-
ation, but there is no report of secondary nucleation for Ab 42. Here we present
a detailed inter-conversion scheme of Ab42 from the study of Ab fibrillogen-
esis by means of electron microscopy and atomic force microscopy. We inden-
tified that the secondary nucleation events occur more favorably on specific
fibril type during monomer fibrillization. Further, we proved the stability of
the most homogeneous and stable Ab42 fibril type and analyzed the structural
elastic properties by using the statistical theory of semi-flexible polymer. The
result suggests that lateral association mechanism gives the most structural
stability to certain fibril type with a twisted ribbon structure. The extracted
elastic modulus of fibrils is ~ 1.4 GPa on mica and highly ordered pyrolytic
graphite.We suggest that elucidation of secondary nucleation events and elastic
modulus value will help progress in our understanding of the aggregation
mechanism of Ab 42 fibrillogenesis in AD.
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Carboxymethylation of Cysteines Impedes Aggregation of Hen Lysozyme
in Alkaline pH
Vijay K. Ravi, Mohit Goel, Rajaram Swaminathan.
Indian Institute of Technology Guwahati, Guwahati, India.
In our previous work, we have shown that hen lysozyme spontaneously forms
globular and fibrillar aggregates which are stabilized later through formation of
intermolecular disulphide bond in pH 12.2. Therefore, focus of the present
work was on suppression of HEWL aggregation by carboxymethylation of
free -SH groups with iodoacetamide that inhibits further formation of disul-
phide bonds. Changes in structure and dynamics of aggregates were monitored
using various biophysical techniques like fluorescence spectroscopy and atomic
force microscopy (AFM). Thioflavin T (ThT) fluorescence showed that in com-parison to free thiol containing HEWL control, carboxymethylated HEWL was
unable to form fibrils. However presence of moderate ThT intensity in modified
HEWL indicated presence of oligomers. Increased fluorescence intensity
and marginal red shift of ANS spectra in modified HEWL compared to un-
blocked control revealed that modified HEWL possessed exposed hydrophobic
residues compared to free -SH containing HEWL. Fluorescence anisotropy of
carboxymethylated dansyl-labeled HEWL were significantly lower compared
to control. The fluorescence anisotropy decay kinetics revealed that carboxy-
methylated HEWL-dansyl conjugates possessed shorter global rotational corre-
lation time (~11.7 ns) compare to control (~22 ns) after 30 hours of incubation
in pH 12.2 at room temperature. Taken together, these investigations suggest
that blocking thiol groups in HEWL suppresses formation of amyloid fibrils
and bigger aggregates but not oligomers, in pH 12.2 at room temperature.
This work can be helpful for food industries in making aggregate-free lysozyme
preservatives in future.
Authors acknowledge Department of Science and Technology, New Delhi and
University Grants Commision New Delhi for financial support.
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Investigating the Factors Affecting the Aggregation of Alpha-Synuclein
using Single Molecule Fluorescence and Fast Flow Microfluidics
Mathew H. Horrocks, Nunilo Cremades, Laura Tosatto, Tim Guilliams,
Erwin De Genst, Jung-uk Shim, Christopher M. Dobson, David Klenerman.
Cambridge University, Cambridge, United Kingdom.
The conversion of a-synuclein (as) into oligomeric and fibrillar species and its
deposition into Lewy bodies is the pathological hallmark of Parkinson’s disease
(PD). It is therefore of great importance to understand the mechanism of as ag-
gregation and its relationship to PD pathogenesis. We use single molecule fluo-
rescence techniques with fast flow microfluidics to follow the early stages of
this process in vitro. The methodology is based on the detection of fluorescent
bursts from red or blue fluorophore-tagged as species as they flow through
a blue confocal laser volume. Fo¨rster Resonance Energy Transfer (FRET)
occurs between blue and red fluorescently-tagged as within the oligomers, giv-
ing rise to a signal in both the acceptor and donor channels. As only oligomers
generate a coincident signal, they can be isolated from a solution which is
>99% monomer, allowing their size and structure to be determined. By taking
regular time-points, the kinetics of the aggregation can be deduced.
This technique has
allowed us to gain
a unique insight




of both the wild-
type and pathologi-
cal mutants of as.1293-Pos Board B63
Inhibition of Lysozyme Amyloidogenesis by Osmolytes
Nividh Chandra, Rajaram Swaminathan.
Indian Inst. of Tech. Guwahati, Guwahati, India.
Report of systemic amyloidosis by point mutants of human lysozyme paved
way towards more systematic studies into general principles of amyloidosis
and subsequently development of broad spectrum drugs rather than individual
searches for various amyloidogenic diseases. Osmolytes are well-known pro-
tein stabilizers and known to be found in incredibly large quantities in animals
living under extreme conditions. The fact that they occur in huge quantities in
deep-sea animals gives hope that they alone or as cocktails can be administered
to terminally ill patients (regardless of the type of amyloid disease) after pre-
liminary safety trials. However there are not many studies in this direction
and they are on different proteins thus making comparison difficult. Hen lyso-
zyme forms amyloid under various conditions. So far we have employed alka-
line and acidic conditions. We have utilized residual enzymatic activity (REA)
to quantify extent of folded protein, fluorescence steady state anisotropy (rss) to
quantify mean oligomer size and fluorescence based Thioflavin-T (Th-T) assay
kinetics to quantify amyloid content. We have studied many osmolytes in par-
allel,viz, Arginine, Betaine, Trehalose, TMAO, Taurine, Ectoine, Putrescine,
Spermidine & Spermine. Since majority of data is kinetic in nature, an attempt
is being made to tabulate all this data in the form of a mathematical matrix so as
to facilitate concise presentation and facile comparison. RESULTS (with alka-
line condition): (a) Different osmolytes affect different steps with their own
concentration dependence profile. (b) Ectoine and Polyamines are effective
256a Monday, February 27, 2012at concentrations as low as 50 mM. (c) Arginine has marked geometric concen-
tration dependence trend in REA as well as Th-T. Polyamines have no notice-
able effect on stability of lysozyme but profound effect on Th-T. (d) Trehalose
reveals a different concentration profile than Arginine, thus pointing to differ-
ence in mode of action.
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Stacked Sheets and Solenoids: Implications of Polymorphic Amyloid
Structures of the Fungal Prion HET-s
William Wan1, Holger Wille2, Jan Sto¨hr2, Wen Bian1, Michele McDonald1,
Gerald Stubbs1.
1Vanderbilt University, Nashville, TN, USA, 2University of California,
San Francisco, San Francisco, CA, USA.
Prions are aberrantly folded infectious proteins that propagate by inducing
the refolding of normal proteins. Prions generally form amyloids: chemically
homogeneous, fibrillar protein aggregates. Amyloids are associated with
many diseases including Alzheimer’s, type II diabetes, and more specifically
to prions, Creutzfeldt-Jakob disease and bovine spongiform encephalopathy
(‘‘mad cow disease’’). Despite this variety, all amyloids share a common
cross-b structural motif, b-strands running perpendicular to a central fiber
axis. Data from tissue extracted amyloids and studies of short amyloidogenic
peptides have led some to hypothesize that all amyloids have a generic amyloid
fold consisting of stacks of b-sheets. However, structural models of
Alzheimer’s related Ab-amyloid and diabetes related IAPP amyloid indicate
that amyloid structure is more diverse. Studies of brain-derived and recombi-
nant prion protein, PrP, show that the generic amyloid fold shows only marginal
biological activity while a b-solenoid fold is highly pathogenic.
We have looked at HET-s(218-289), the prion forming domain of a functional
prion in the fungus Podospora anserina. It has been determined by solid state
NMR that under physiological conditions, HET-s(218-289) fibrilizes into
a b-solenoid fold. Others have shown that when fibrilized under low pH condi-
tions, a non-functional polymorph is formed. We have determined by X-ray
fiber diffraction that at low pH, proteolysis leads to the formation of stacked
b-sheet amyloids. These amyloids can propagate the generic fold onto unde-
graded HET-s(218-289), though only under non-physiological conditions.
These results indicate that the biological activity of HET-s(218-289) is inti-
mately tied to its specific amyloid structure and that short amyloidogenic frag-
ments may not adequately reproduce the interactions of larger prion domains.
Supported by NIH grants P01-AG002132 and T32-GM008320-21.
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Evaluation of the Amyloid Fibril Stability
Dmitry Kurouski1, William Lauro1, Rina K. Dukor2, Xuefang Lu2,
Rosina A. Lombardi3, Laurence A. Nafie2,3, Igor K. Lednev1.
1SUNY at Albany, Albany, NY, USA, 2BioTools, Inc., Jupiter, FL, USA,
3Syracuse University, Syracuse, NY, USA.
Amyloid fibrils are associated with many neurodegenerative diseases.1-3 Being
formed from proteins unrelated functionally, amyloid fibrils share a common
cross-b core structural motif and are considered to be an extraordinarily stable
and energetically most favorable form of proteins.4,5 Recently we reported that
temperature and salinity variations result in a substantial melting of the fibril
core of mature apo-a-lactalbumin fibrils and in a spontaneous refolding to a dif-
ferent fibril polymorph.6 An important question to address is whether the de-
scribed phenomenon is relevant to other protein fibrils.
Our current findings indicate that a small pH change initiates the spontaneous
transformation of insulin fibrils from one polymorph to another. Double-fiber-
type fibrils with reverse VCD (vibrational circular dichroism) chirality form at
pH 1.5, split into two separate proto-fibrils when the pH increases to 2.5 and
intertwine to form left-handed twisted fibril polymorphs with normal VCD chi-
rality. Using deep UV resonance Raman spectroscopy we demonstrate that the
change of tyrosine local environments is taking place upon fibril spontaneous
inter-conversion. At the same time, the fibril core has the same structure for
both fibril polymorphs indicating that the pH-driven polymorphism of insulin
fibrils is associated most probably with surface charge properties of proto-
fibrils and the way they intertwine.7
(1) Sipe, J. D.; Cohen, A. S. J Struct Biol 2000, 130, 88-98.
(2) Makarava, N.; Baskakov, I. V. J Biol Chem 2008, 283, 15988-96.
(3) Goldsbury, C. S.; Wirtz, S.; Muller, S. A.; Sunderji, S.; Wicki, P.; Aebi, U.;
Frey, P. J Struct Biol 2000, 130, 217-31.
(4) Gazit, E. Febs J 2005, 272, 5971-8.
(5) Hartl, F. U.; Hayer-Hartl, M. Nat Struct Mol Biol 2009, 16, 574-81.
(6) Kurouski, D.; Lauro, W.; Lednev, I. K. Chem Commun, 46, 4249-51.
(7) Kurouski, D.; Lombardi, R. A.; Dukor, R. K.; Lednev, I. K.; Nafie, L. A.
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Implications Of Cis Interactions Between Expanded Polyglutamine and
the Proline Rich C-Terminal Domain of Huntingtin Exon 1 For the
Loss- Versus Gain-Of-Function Models of Huntington’s Disease
Kiersten Ruff, Nicholas Lyle, Rohit V. Pappu.
Washington University in St. Louis, St. Louis, MO, USA.
At least nine neurodegenerative disorders, including Huntington’s disease
(HD), have been associated with expanded polyglutamine (polyQ) tracts. Pro-
teolytic products of these proteins form neuronal intranuclear inclusions. There
is growing interest in the role of naturally occurring flanking sequences and
persistent controversy regarding their role as gatekeepers against or enhancers
of polyQ aggregation. In particular, previous studies have shown that the
17-residue N-terminal segment (N17) of huntingtin (htt) exon 1 acts as gate-
keepers, although controversy lingers with regards to this finding. Here, we fo-
cus on the interactions in cis between polyQ and the proline rich C-terminal
domain (C38) of htt exon 1. This domain possesses two polyproline stretches
(polyP) that appear to interact with profilin, which inhibits htt aggregation in
cell culture studies.
Through the use of atomistic Monte Carlo simulations utilizing the ABSINTH
implicit solvation model, we show evidence for long-range interactions be-
tween polyQ tracts and both polyP regions. The polyQ segments promote the
formation of cis peptide bonds within the polyP segment directly C-terminal
to polyQ. This in turn will have important changes to the heterotypic interac-
tions of htt through its polyP regions. A detailed comparative analysis of the
monomer ensembles of N17-polyQ, polyQ-C38 and N17-polyQ-C38 con-
structs will be presented and the implications of our findings for loss- versus
gain-of-function models for the onset and progression of disease will be
discussed.
This work was supported by grant 5R01NS056114 from the National Institutes
of Health
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Kanchan Garai, Carl Frieden.
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Apolipoprotein E4 (apoE) is a confirmed risk factor for late onset Alzheimer’s
disease (AD). Mouse model studies indicate enhanced depostion of amyloid
beta (Ab) peptides in the brain in presence of the ε4 isoform of apoE. However,
the mechanism of apoE-Ab interaction and the biophysical nature of these com-
plexes remain largely unclear. In addition, the relative specificity of this inter-
action with the other two common isoforms (apoE2 and apoE3) not associated
with AD is poorly understood. Ab aggregation followed by turbidity measure-
ments show that the aggregation is accelerated by all three isoforms of apoE
and apoE4 showed the greatest and apoE2 the least effects. Fluorescence cor-
relation spectroscopy (FCS) measurements using fluorescently labeled Ab
show that diffusion time of Ab increases upon incubation with wild type
apoE proteins. FCS data confirm that apoE4 has the highest and apoE2 has
the lowest affinity for Ab. However, this interaction appears to be slow and
does not reach completion even after several days of co-incubation. The diffu-
sion time of the complexes are found to be large indicating involvement of mul-
timeric forms of Ab. In addition, a monomeric form of apoE prepared by 4
mutations in the apoE sequence does not bind to Ab. Thus apoE multimers
may be acting as nucleation sites for oligomerization of Ab. We are currently
investigating the molecular basis of the apoE-Ab complex formations by em-
ploying Hydrogen-Deuterium Exchange by mass spectrometry (HDX-MS).
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Synuclein Oligomers
Martin T. Sto¨ckl, Mireille M.A.E. Claessens, Vinod Subramaniam.
University of Twente, Enschede, Netherlands.
One of the most prevalent neurodegenerative diseases is Parkinson’s disease,
and is accompanied with the loss of dopaminergic neurons. Although the mech-
anisms leading to the death of these cells are still unclear, the protein alpha-
synuclein is one of the pivotal factors. Previous studies indicate that especially
oligomeric forms of alpha-synuclein show a detrimental effect on membrane
integrity. As an intact membrane is crucial to many cellular processes, the im-
pairment of the membrane integrity is a likely pathway for neuronal death. We
use different phospholipid bilayer model systems to investigate the mecha-
nisms underlying this process.
Using an approach based on the accessibility of a fluorescent probe integrated
in the bilayer of phospholipid vesicles to a soluble quencher, we could show
that the loss of fluorescence occurs by two different processes. Hereby, only
